Synthetic alunitewas obtained by two different syntlesis methods. Powder data obtained with a standard Bragg-Brentano geometry of two analyzed samples are reported for a broad angular range. The chemical analysis as well as the unit-cell dimensions indicate that the analyzed alunite is K and Al deficient and contains excess water. A need for higl resolution diffraction experiments is expressed.
Introduction
Alunite, KΑl3(SO4)2(OH)6, crystallizing in space group R3m, is a mineral identified in numerous sites in the world. It belongs to a family of structurally related substances described by a general formula AB3(SO4)2(OH)6, where A may become Na+, K+, H3O+, Nu+4 or Ag+ and B either Al3+ or Fe3+ Natural and synthetic alunites have been subjects of extensive stuctural investigations employing single-crystal and powder X-ray techniques, NMR and other methods [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . One of the reasons of this interest is a possibility of industrial applications of alunite and related minerals:
The composition of the natural alunite depends on the formation conditions and on the environment while that of a synthetic one is influenced by the way of synthesis. A number of recent papers [5, 6, 9, [13] [14] [15] [16] deal with the problem of the composition of natural and synthetic alunite. The existing synthesis methods yield alunite of composition often differing from the stoichiometric one; the reported differences concern the deficiency in K and Al as well as the presence of "excess water". In our work the term "excess water" refers to various forms of water (e.g. H3O+, H2O) which may be present in alunite unit-cell except for stoichiometric OH-ions. Dne to differences in synthesis method and observed differences in composition, the published unit-cell dimensions vary within a range of about 0.05 Α (621) and 0.3 Α for lattice parameters α 0 and c0 , respectively, which reflect the differences in chemical composition of the studied samples. In an early study [9] , a conclusion has been drawn that a heat treatment of alunite in air up to 400°C does not influence the composition nor the unit-cell dimensions. Other works have shown that a heat treatment of synthesized alunite containing excess water leads to an expansion of the unit cell and a reduction of the water content [5, 14] (samples heated in air at 300°C), [16] (a sample heated in Κ2SO4 solution at 250°C).
Analyses and data collection
For the purpose of aluminum and potassium content determination, the alunite was dissolved in hot 12N HCΙ. The Al content was determined gravimetrically by precipitation with 8-hydroxyqunioline following the method described in Ref. [17] . The K content was determined by flame photometry. The sulfur content was determined with LECO SC132 sulfur analyzer. The grain size was determined by granulometry using SEDIGRΑPII-5100 analyser and by scanning electron microscopy using Opton DSM-940 microscope. X-ray powder data were collected with a standard Bragg-Brentano arrangement and Co Κα radiation. DRON-1 diffractometer with the beam path modernized to enable a fine alignment and a computer controlled work was used. To reduce the effect of preferred orientation, the loosely packed specimens were prepared by deposition of the non-ground powder obtained directly by the chemical reactions on a thin vaseline layer. Τhe measurement conditions are given in Table I . The preliminary analysis of step scanned data was performed using the commercial DHN-PDS system. The lattice constants were obtained by the least-squares method with a new version of the program SCANIX described in Refs. [18, 19] .
Methods of synthesis
Two specimens of alunite were synthesized by different methods using analytically pure reagents. Alunite A was prepared by the hydrolysis of alum, AlΚ(SO4)2 12A2 O, in a pressure reactor. Τhe reactor was charged with 3.8 kg of alum and 2.2 dm3 of distilled water. The pressure during hydrolysis was kept at 12 bars and the solution temperatures ranged from 175 to 180°C. The run time was approximately 2 h. The obtained powder was filtered off, washed with distilled water and dried at 105°C for 12 h. Alunite B was synthesized by a modifled version of the procedure described earlier in Ref. [11] . In the modified version (reported elsewhere [20] ) the following synthesis conditions were applied. The amounts of 45 g of Al2(SO4)3 . 18HO and 59 g of Κ2SO4 were dissolved in 150 cm3 of hot distilled . water and subsequently refluxed for 3 h. Τhe pH value of the refluxed solution was kept in the range 3.0-3.6 by periodic addition of solid KOH. The obtained precipitate was filtered off, washed with distilled water and dried at 105°C for 3 h. Both reactions yielded a white powder with the grain size of the dominant fraction ranging from 1 to 10 μm.
Results and discussion
The results of the chemical analyses of both samples are presented in Table II . The observed differences related to the stoichiometric alunite are similar to those reported in literature [5, 9, 14] . The X-ray data collected in a wide angular range down to interplanar spacing equal 1 Α are shown in Table III . The samples were found to be a single-phase alunite with no trace of other phases. The obtained peak intensities agree with those reported for the low-angle region in Refs. [5, 10] . The unit-cell constants are a0 = 7.0140(7) Å, c0 = 17.139(9) Å (sample A) or 0 = 6.9979(5) Å, c 0 = 17.115(5) Å (sample B).
The cell dimensions fall in the region of values (around 0 = 7.01, c 0 = 17.15) reported in Refs. [4, 5, 14, 16] for synthetic alunite samples not subjected to a high-temperature treatment and containing some excess water. It has been concluded in Ref. [15] that the values of lattice constants cannot give detailed compositional information for alunite containing excess water because the 0 and Table II ). This observation agrees with the reported tendency of unit-cell contraction with increasing content of excess water [4, 5, 14, 16] .
The rhombohedral angle close to 60° in both samples results in an FCC-like powder pattern with a strong peak overlap in the whole investigated angular range. This property is characteristic for alunite containing excess water but is not observed for other members of the alunite family where the rhombohedral angle differs from 60° by at least about 0.5°. High resolution diffraction experiments could be helpful in resolving the multiplets when the rhombohedral angle is close to 600. The resolution of Guinier camera is not sufficient for this purpose [13] .
The strong peak overlap implies that the lattice constants have to be computed on the basis of a limited mimber of mainly low-angle peaks. This condition limits the accuracy of tle calculated lattice constants.
